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INTRODUCTION 

Plans for upgrading the muon physics program at Fermilab have 

been under discussion for several years and typically focus on an improved 

muon beam. The Fermilab Summer Study Reports for 1968, 1969, 1970, 

1973, 1976 all have papers and discussion on this topic. The last named 

study stimulated a detailed design project by the authors on which we re- 

port in this document. The general guideline we adopted in this work was 

to create a new muon beam design appropriate to the Tevatron era at 

Fermilab (1000 GeV protons). The design was further constrained to yield 

good performance at present lower proton beam energies (400 GeV). Within 

this context, we applied the following design criteria: 

i) high efficiency (p/ p N 10 -5 ) 

ii) low ‘thalol’ (halo/beam N 5%) 

iii) broad tuning range (275 < p < 750 GeV) 

iv) good optical quality (Rbeamz 3cm) 

v) low hadron contamination (~~/p<lo-‘) 

vi) freedom from interference with other beams 
and equipment 

vii) momentum tagging capability (Ap/p 5 2%) 

viii) acceptable radiation hazard on-site and at site 
boundaries. 

This preliminary study of several beams along with their associated 

halos has been done using the Monte Carlo programs DECAY TURTLE (1) 

and HALO. (2) The CERN-SPS muon beam design expects to realize a halo/ 

beam ratio of -2% over 4x4 meters (3) ; our definition of halo corresponds 

to a 10 foot x 10 foot area. 
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PROTON BEAM 

The overall plan for achieving a proton beam and production target 

for muon experiments separate from the existing NO beamline is shown in 

Figures 1 and la. The essential features are taken from TM729 (4) (alterna- 

tive 2) with minor modifications. The path of the beam is 30 milliradians 

to the east and 10 feet below the NO beamline. The main points of the pro- 

posal are: 

1) 

2) 

3) 

4) 

5) 

The existing G line is split horizontally with 50 ft. of electrostatic 

septa at the Gl manhole. 

A new tunnel section labeled Gl. 5 will contain 60 feet of Lambertson 

magnets which bend vertically. 

G2 will be extended and contain four 22 foot superconducting dipoles 

run at N 40 kilogauss e The dipoles will be rotated so that they com- 

plete the 10 milliradian vertical bend started by the Lambertsons, 

and give a horizontal bend of 30 milliradians. 

The beam drifts to the Muhall target areas in the vicinity of Enclosure 

100 where it is focussed onto the target. 

The majority of the new beamline can be installed by means of a trench- 

ing and pipe burying operation. Since the beam is 10 feet underground, 

little earth moving will be required for berm construction. There is 

no interference with Nuhall, the Target Service Building, or modifi- 

cations to the decay pipe. No penetration of the Neutrino “bathtub” 

for containing radioactive ground water is necessary nor is any 

digging of radioactive soil. 

THE MUON BEAM 

The muon beam basically consists of two target stations, a front 

end triplet which efficiently collects the parent particles, a decay section, 

a hadron absorber, and a part which selects and tags muon momenta and 

reduces halo. We have mainly employed the WANG (5) parameterization of 

particle yields with the standard assumption of K/IT =O. 1. An alternative 
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parameterization which makes a definite prediction for the K/T ratio at high 
(6) energies is that due to Adair . The pion yields matching to the acceptance 

of the proposed beams are compared for these two parameterizations in 

Table I. The WANG pion yields are about twice those of Adair. Adair 

predicts a larger K/n ratio than the 10% usually assumed. 

In order to check these formulae, we have attempted to reproduce 

the muon yields in the existing muon beam at Fermilab (Nl line). We have 

used the WANG parameterization, but can scale to the Adair prediction 

using the pion yields of Table I. The yields are computed using HALO for 

150 and 225 GeV/c operation. The targeting angle of the primary proton bea.m 

onto the target (with respect to the Nl beamline direction) was 0. 3 mr and 

0. 7 mr, (7) respectively, which required a small modification to be made to the 

HALO subroutine PIGEN where zero degree targeting and production are 

assumed. The differences from the zero degree values were ~10%. As is 

seen from Table II, the predictions are in reasonable agreement with the 

measured yields. The geometry of the Nl beamline assumed in HALO is 

given in Appendix I. 

Four different beam configurations have been considered, although 

only the two having the best halo to beam characteristics were modeled in 

detail. For completeness, we give all four beam layouts and note that three 

of these (called l-3) have a common front end, Figure 2a, while the fourth 

is different, Figure 2b. The primary features of each section are described 

below. The design uses the specifications of an existing quadrupole, the 
8 

4Q120 , and 20 foot long, 15 kilogauss bending magnets with 4”x6” aperture. 

A. Target Stations 

The proton beam will be directed at either of two targets in 

Muhall. The two targets will be separated in Z by 24 feet. 

The upstream target will be used whenever the pion beam is 

tuned for a momentum greater than 600 Ge.V/c. Using this 

scheme the triplet will capture roughly the same P, at high 

and low energies. These two targets could be placed in two 
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separate manholes similar to the target manhole that now exists 

in the decay pipe. It is also possible that a target tube similar 

to that in &hall could be used. One train car containing the 

target, a collimator and the necessary instrumentation should 

suffice. The cost of the target tube with its associated tracks 

and access tunnel is comparable to the cost of tht manholes. 

The manholes offer the advantage of having .-vacuum all along 

the beam, however servicing and repairing take longer. 

B. Hadron Capture* Section 

The purpose of this front-end quadrupole triplet section is to 

collect as many pions and kaons from the target in as large a mo- 

mentum band as possible. A fifteen foot water-cooled collimator 

will be placed immediately downstream of the target to absorb 

low energy/wide angle parent particles. This will be followed 

by a triplet consisting of ten quadrupoles aligned at zero degrees 

with respect to the incident proton beam. The configuration is 

the same at 750 and 550 GeV/c; two quadrupoles and a drift space 

are interchanged for the 275 GeV/c operation. Beams l-3 

contain bending magnets in a notch arrangement serving to get 

rid of the low energy/wrong sign parent particles. All particles 

greater than 0.6~ are transported, dispersion-free, to the end 

of the decay channel where there is a water-cooled beryllium 

absorber. When the channel is tuned for parent momenta 

2600 GeV,c, the 1000 GeV diffracted proton beam is carried 

along the channel and is dumped at the beryllium absorber. 

At lower energies the 1000 GeV beam will encounter a conven- 

tional dump in the notch. The FODO channel, when tuned for 

275 Ge,V/c muons, cannot transport the diffracted proton beam 

without significant losses. Beam 4 dumps the protons at the 

front end and the dipole bending selects 210% AP/P. This 

eliminates early in the beam some of the particles contributing 
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C. 

to the halo at the end of the beamline. The dispersion at the 

momentum slit of Beam 4 is shown in Figure 3. Note that there 

is no horizontal focus at the momentum slit, unlike the CERN 

beam, but the triplet delivers a parallel beam to the decay FODO. 

This selection slightly reduces the muon yield as compared to 

Beams l- 3. These are summarized in Table III. 

Decay Channel (r/K Decays) 

The criteria for obtaining the highest possible muon flux per proton 

have been variously described. (9) As illustrated by the CERN de- 

sign, the FODO array provides the most efficient transport system 

allowing pions from a wide momentum band to contribute muons to 

the desired momentum interval, 

The decay channel is a FODO array composed of 4mQ120 quadrupoles 

having an average half-aperture of 2. 25 inches. The efficiency of 

the channel as a function of particle momentum is shown in Figure 4, 

This curve was made with the FODO tuned to maximize the muon 

flux from parent particles of central momentum P. The transmission 

of the beamline was studied using the program DECAY TURTLE, 

modified to input a parent production spectrum. The results of 

keeping the decay length constant and removing magnets in the 

Parent FODO are shown in the following table. 

PARENTFODO 

L(feet) No. of Magnets 

200 15 
326 10 
550 6 

3370 0 
(parallel beam) 

326 10 
143 21 

MUON FODO 

L(feet) 

RELATIVE p / p 
TRANSMISSION 

800 305 (GeV/c) 

326 
143 

1. 00 1. 00 
0.47 0.41 
0.41 0. 30 
0008 0.06 

0.9 0.8 
1. 03 1.12 
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After removing the magnets the channel was tuned for maximum 

muon flux while being constrained to match into the Muon FODO. 

The quadrupole strength and hence the phase advance per period 

is arranged so as to contain with minimum losses the parent 

beam of central momentum P and a wide momentum band of 

muons resulting from their decay. One can obtain a better 

transmission at the expense of a) adding additional matching 

sections to take the beam from the Parent FODO, make a small 

beam spot on the beryllium plug, and then match into the Muon 

FODO, or b) making the distance between quadrupoles, L, the 

same for both FODO’s. The first option is not very attractive 

because the number of magnets required for the matching sec- 

tions is comparable to the number removed from the Parent 

FODO. The second alternative has the drawback of increasing 

the total length and thus increasing the distance that the utilities 

have to be extended. In going from L=ZOO feet to L=326 feet, 

the length of the Muon FODO increases from 1470 feet to 

2350 feet. This distance could be reduced somewhat by increas- 

ing the phase advance per period in the Muon FODO, but would 

save only one magnet and correspondingly only 326 feet. Taking 

out more magnets would mean that the angular dispersion, 

de/dp, would be non-zero. The maximum field strength of the 

48120 gives a minimum value for L of 140 feet, and has been 

included in the table for completeness. We have chosen to study 

in detail beams with L=200 feet for both FODOs. Use of a phase 

advance of w 60 degrees per FODO period for all momenta 

yields both good transmission and a reasonably small spot size 

at the beryllium absorber so multiple scattering can be minimized. 

In this way the absorber can be located within the FODO without 

additional matching sections. Typically, only a small part of the 
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halo at the end of the beam originates in the decay channel, as 

shown by Figure .5. 

D. Muon Transport Section 

At the end of the decay section and the beginning of the final 

FODO section is a hadron absorber which reduces the IT/~ con- 

tamination at the end of the beam to cl0 -6 . The absorber, N 35 

feet of beryllium, is located immediately downstream of the last 

quadrupole of the decay channel and inside the first dipole of the 

Muon FODO. This will also serve as the primary proton dump 

when the beam is tuned for high energy positive muons. Follow- 

ing the absorber the first bending magnet selects the desired 

muon momentum band. Optically this is followed by a continuation 

of the Parent FODO. The four beams differ in the number of 

FODO periods used to transport the beam from the absorber to 

the detector and in the direction of bending, as shown in 

Figures 8a, 8b, and 8c. In the case of Beam 4, we have simply 

used the same muon FODO as for Beam 2. Most halo at the ex- 

periment originates after the absorber, and Beam 2 is found to 

have the best halo to beam characteristics. It is envisaged, when 

desired, that momentum tagging of individual muons entering the 

detector can be accomplished by following the trajectories through 

the last dipole, using MWPC’s and scintilation counters. The 

muon yields at the detector for beams 2 and 4 are given in 

Table III. Three complete periods are used to rotate the phase 

space by 180 degrees. The final bending magnet, in the same 

direction as the first, is placed to cancel d0/dp. Halo removal 

is accomplished by a series of magnitized iron pipes and toroids. 

E. Halo 

The halo considerations can be separated into two parts. There 

is the direct question of how many muons accompany the beam 

into the detector, and also how many muons irradiate the outside 
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world. We have been particularly concerned with reducing the 

former, although we have also estimated the latter. As noted in 

the 1976 Summer Study (10) , the halo muons are best removed by 

interposing magnetized iron to deflect them away from the beam, 

The elements introduced are iron toroids (at magnetisations of 

15 kg) and sections of magnetized iron beam pipe (this mupipe is 

de scribed in Appendix III). The mupipe introduces a hard magnetic 

edge close to the extreme excursion of the beam; we use a 

pipe with internal and external radii 2 and 3 inches, respectively. 

The radial dimensions were varied in the study and the criticality 

of the alignment was estimated. These are followed at strategic 

places with large magnetic toroids placed so as to intercept the 

halo deflected out by the mupipe ard G-us clear out the larger area. 

There are two toroid sections, one 4 feet and the other 3 feet in 

radius. Both are 40 feet long with a 3 inch radius hole. 

The initial deflection of the unwanted muons is started by the 

mupipe, and then increased further by the large toroids. This halo 

distribution at the detector, before any attempt is made to deflect 

halo from the beam direction, is shown in Figure 6 for Beam 2. 

We assume the detector would present a cross section not larger 

than 120” x 120”. However, in order to have a clear working space, 

we also define an area of 300” x 200” about the beam. This con- 

sideration was used to fix the lengths of the magnetized Toroids. 

Program HALO will indicate where in the beam line the of- 

fending muons left the aperture and became halo (see Figure 5 for 

the beam without magnetic scrapers). This helps in placing the 

iron. The scrapers we have considered are labelled in Figures 8 

(a, h 4. We started off by assuming a 1” wall, 4” ID mupipe with 

5 ft. radius, 40 ft. long toroids. The halo /beam ratios re sulting 

for various combinations of these elements are given in Table IV. 
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From this we have selected beams 2 and 4 for further study with all 

of the magnetic scrapers shown in Figure 8 included in both cases. 

Note, we have accepted the program decision that once a muon has 

hit an aperture it is labelled halo. There remains the possibility 

of accepting the beam-like halo, i. e. halo close to the real beam, 

as beam provided it is tagged satisfactorily. 

We find that use of a 2” thick beam pipe wall for the first 

section of mupipe requires a larger toroid, and have settled on 1” 

thick wall with 4 ft. and 3 ft. radii, respectively, for the upstream 

and downstream toroids. For Beam 2, we show in Table V the 

halo/beam ratio with the final scrapers and the triplet and FODO 

tuned to various muon momenta. The halo is rather constant as 

the beam momentum decreases. 

In order to check the credibility of the HALO results, we 

have attempted to model the Nl beam/halo situation. With the 

geometry assumed in Appendix I, Table II compares the halo/beam 

predictions at both 150 and 225 GeV/c with the observed values, 

Note that the magnet maps were rough approximations in the case 

of most of the Nl beam quads; the situation was better for the bend- 

ing magnets. The 150 GeV/c results are for ,300 GeV protons on 

target. There is reasonable agreement between prediction and 

measurement. 

F. Further Considerations 

The low halo-to-beam ratio obtained using the mupipe idea is 

clearly dependent on introducing the field as close as possible 

to the beam envelope. We have studied the sensitivity of the result 

to misalignment by randomly displacing the four sections of mupipe 

with results shown in Table VI. Clearly the halo and even the muon 

flux are hurt if misalignments exceeding l/4” are introduced. 
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The effect of quadrupole misalignments was studied, and in general 

the further upstream the misalignment and the lower the momenta, 

the worse the transmission. Since most of the upstream section of 

the triplet is running with the quads at full strength, alignment be- 

comes very critical at 275 GeV/c. Misalignments of 0. 11’ and 0. 25” 

on the two quads running at -5.5 kg/in. reduce the flux at the muon 

lab by factors of 0. 83 and 0. 09 respectively at 275 GeV/c. A 0.25” 

misalignment at 800 GeV/c in these same quads yields a 0.93 reduc- 

tion factor. 

As shown in Figure 9 for Beam 2, there is no strong correla- 

tion between the parent decay angle and the muon momenta. However, 

there is significant polarization information preserved in Beam 4 

(see Figure 10) at the expense of intensity. 

At the vicinity of the Muon Lab, the angles of the beam, 8 

and y), are small. This means that either a long hydrogen target 

or a stacked solid target could effectively be used. The muon fluxes 

at ground level at the location of the site boundary were estimated 

using HALO, and indicate a maximum radiation level of about 

40 mrem/yr., assuming 10 13 protons on target, and 365 days of 

operation at a Doubler cycle of 60 seconds. More realistic expec- 

tations for annualized total operating times and targetted proton 

intensities will reduce this level to the order of 10 mr/yr. 
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Table I 

Yield Per lOI Interacting Protons in Hydrogen 

400 GeV Protons 
7T+ (0 - 400 GeV/c 

0 - 20 mrad 

400 GeV Protons 
IT+ { ;7: ;04;ra~v/c 

X 
400 GeV Protons 

Tr+ { 
200 - 400 GeV/c 
0 - 5 mrad 

X 300 GeV Protons 
T+ I IO”_” 5 zriTeV/c 

1000 GeV Protons 
*+ (;5! ;ol~rO$eV/c 

1000 GeV Protons 
K+ ( ,“5! ,~~r~~eVlc 

* 
1000 GeV/c Protons 

r+ (,‘“_” ;. ~o~ra3v/c 

* 
1000 GeV/c Protons 

K+ I ,“8!, -510$a~eV/c 
. 

‘Assume K/v a 0.1. 

Wang Adair 

1.07 x lOi 3.35 x lOi’ 

3.36 x 10” 1.53 x lOi 

1.87 x 1O1’ 5. 81 x lo9 

3.79 x 10 10 1. 35 x lo9 

6.82 x 10” 

6.82 x 10 9+ 7.86 x lo9 

2.18 x IO6 9.34 x lo5 

2.18x IO 5+ 2.02 x IO5 

XCorresponds approximately to acceptance Nl beam. 
::: 

Corresponds to acceptance of Beams 1-4 at 800 GeV/c. 
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B earn 
Tune 
GeV/c 

Table II 

The Predicted (Wang) and Measured Beam and Halo Rates 
for the Ni Beam Normalized to 1012 Incident Protons on 
One Interaction Length Target [ obtained by multiplying thin 
target yields in hydrogen by 0. 371 D 

Type 

Beam 

Halo 

225 Beam 

Halo 

Defined as coincidence between scintillator planes as in the experiment. 

Measured 
Halo 
B earn 



TM-754 

14 

Table III 

Muon Yields at End of Beam for Given Tune per Interacting 
Proton in Hydrogen Expressed as p/p 

Beam and Tune Ap” I Wang Muon from IT+ 

No. 2 
750 GeV/c 

670 

7'0 
(1.06 f 0.0S)10-5 

No. 2 
550 GeV/c 

510 

6f3 
(0.88 f 0.03) 1o-4 

No. 2 
275 GeV/c 

264 
f (2,96 f 0.10) 1O-4 
37 

No. 4 
750 GeV/c L- (4.6 f 1.3 )10-6 

No. 4 
550 GeV/c 

550 

6'0 
(3.0 fO.1 )10-5 

No. 4 
275 GeV/c 

263 
f (1.5 zt 0.06) N4 
31 

AP Adair Muon from Kt 

715 
it (0.13 *o.04)io-5 

99 

546 
L (0.06 f 0.01) 1o-4 
62 

266 
i (0.06 ko.01) IO-~ 
25 

:: Standard Deviation. 



15 

TM-754 
2960.000 

Table IV 

Halo/Beam Ratio for Various Scraper/Toroid Configurations. 
All for 800 GeV/c Tune per Interacting Proton in Hydrogen 

Beam 
Magnetic 

Configuration 

None 

(Sl, S3; Tl, T2) 

(si, S2, S3, S4; Tl, T2) 

Beam 
Muons 

F-/P 

(1.0 f 0.2) 101; 
(8. 37 f i. 0) 
(6.8 f 1.4) 10-6 10 

Halo 
Beam 

11 
10 

9.5 

(8.37 st 1.0) lO-6 - 0.5 
(6.8 f I.41 lo-6 - 0.5 

(7.6 f 1.4) 10;: - I,0 
(8. 37 f 1.0) 
(6. 3 f 1.3) 

10-6 - 0.1 
- 0.5 

(4.6 f 1.3) 
10-6 
IO - 0.1 
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Table V 

Halo/Beam Ratio for Beam 2 per Interacting Proton in Hydrogen /- 
(Statistics for 15, 000 n+, and 5, 000 Kt) 

Parent Particle 
and 

Momentum 
(GeV/c) 

Muon 
Yield 

dP 
Halo Halo 
F/P Beam 

800 T+ (1.06 f 0.08) k5 (0.52 f 0.21) lO-6 
9% 

800 K+ (0.13 f 0.04) lo-5 (0.4 f 0.2 ) lo-6 

305 KS I (0.06 f 0.02) IO-~ I --- I 
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Table VI 

The Effects of Mu-Pipe Misalignments for Beam 2. 
(Yields are per interacting proton in hydrogen. ) 

Beam Tuned for 550 GeV/c. 

Magnitude of Random Pipe Muon Yield 
Translation (Inches) EL/P 

0.0 3&t 0.03) lo-4 

Halo Beam 
(%) 

2,8 f1.2 

0.25 ,u.J f 0.6 ) 10 -5 4.4 f 1.7 

0.50 (4.5 f 0.05) lo-5 7.7 f. 3.0 
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FIGURE CAPTIONS 

Figure 1 

Figure la 

Figure 2a 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 

Figure 10 

Figure 11 

Figure 12 

Figure 13 

Layout of the new muon beam. 

Layout of the new muon beam. 

The front end and decay channel for Beams l-4. 

The momentum dispersion at the momentum slit of Beam 4 

at 275 GeV/c. 

FODO transmission as a function of tune momentum. 

p = the central momentum of the parent particles. 

The longitudinal points of origin for halo muons inside a 

120” radius area at the end of Beam 2. 

The halo, defined as muons which have left the beam 

aperture, with no magnetic scrapers. 

The halo with all scrapers on. 

The back end (Muon FODO) for Beams 1-4. 

The momentum of the muon beam at the detector versus the 

decay angle of the parent pions for Beam 2. 

The momentum of the muon beam at the detector versus the 

decay angle of the parent pions for Beam 4. 

The x distribution of the muon beam at the detector. 

The y distribution of the muon beam at the detector. 

The p distribution of the muon beam at the detector. 
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SSO;OOO TO 6OO;oOO * 1* I l -;--+;tr-•-rr-w.4 SUMS 

----- ---- 
-...---.. ---.-- 

9*---- U2666656443553222;--- 
H9064360659722664H _I_-- __-. L-.- ----~. - s61025~95e4292Ys~~--- -. -.’ . ‘. 

UNDER I’J OVER ‘r’~otR-‘-~Od~----.-o.-- . o -------..- nnLIN- r---...-r, 56226~1N-.l- ---+GMAH-m a ;~6ssl-~+- 
7737 630 VHEAN II SlGWAV a SS.27Sl9 CEVIC 

OVER 0 3 $72 \ 
294.06755 .GEV/i 

CORRELATION v. ,91257 __~ _.__..__ __--_--_- . ..- -----. __-- - 
TOTAL NUWER OF PARTlCLLS CONSIDERED 11610 : 

________-.__.-_-. ..~_. ---_-__- _-._ -___-____- -____- 

- --.-’ - __-I- -- 

-_._ -.-----_-_I- -II_- - .- 

.  

-- ----- 



PERCENT 
0-l 
0 



Pg.24 
TM-754 
2900.000 



Pg.25 
TM-7'5.4 
2900~.000 

-_ ’ 1 
!LZ.TCJ If.:.:11 ; -.._ -. 1 bf..*:lCS..Tl: .-. .Lcc..cc!o _-_. _....c ___-._, “..-.- -..-. .,--. ._- ..-- 1 .“...-.J-.-- . ..-_ 1....-.----- 
lD’.CZ> 19 ,-- -.. -2 ,I, 1 3 1 , 



'Pg.26 
TM-754 
2900.000 

n1s10car*-li0;--2o-- -uktt-us -oc+*ii &@b“-C, IT-n..& 

HDR~ZDNTA,, AUlS,;, y IN IN Fl)R HALO’ AT 
lEwfeLL AXIS,:, ‘I !N SW FOR HALO AT 

4996;472.ff (~OSI~IDN NO, 1041 
1a,ne-22ass’;35 , _. -? 

. . 
4D05.472 f? (pOEIT!ON NO, 104) ____-- _-.- --.-- - -cTI--.- 

:450;00 ~sso;oo _ .oso;oo l lso;oo ,rso;oq _ so;op 1s0;00 2~0,OO 3!50;0!, ‘ *so;oli 

- 

-. 

- 

suns 
--22--------- 

24 
-.$-, . 

x(: 
-‘30 

.;~o;ooo Co .iia;naa 
.__~ ~_ _- 

1 2 i- 3 121 35311232 0 1 t-2 ii 21 11 i- 1 11 i. ig 
.140,000 TB ~120,~OO 12 11 1 ~11251221211221 1 1 1 1 12 11 Sl 11 11 1 1. 80 

-~l?O.OOO TO-‘-rlOD.nOO l - 21 3 3112112 52623212”-l‘-11-l--1-‘-- .i00;000 TO .an;ooo I 11124321222211425 1 1211112~! 
r~~,~~~ la dO,dJO 1 112.1 426 3 357242 3 4 1 1 2 2 

---~6a.boo to---.4o.noa--I---r---4 556d4462~013914 21113T-l-1” 

;!4iIbi 

- T - _, - - . - -. - - - _ _ - - - - - - - 

.40.000 10 l 2o,noo 12 113iS6262623i2ji l4 22131 1 --'---. ---- 

-.,.-0 TO ,noo I 352225280354Y3462211~2~~44 3 1 11 1 LllJI 1 11 1 -2 -1 i 106 ,000 -lo.--‘ 20,noo 1-1222223s4327676s~3526424254242~4~~ Jl.‘J-T- 3*1 .,.. a ..,,.‘. *fJ--tl ----. 1 -.*,p-- 

PO*500 la 40,nOO 1521112254~46S766b52~4 422 1111 1 1 I. 111 
~0,000 70 60,000 11 132142S123316624~231111 3 11 

11 2 12252 1 1:; 
2 22 12 “S76 

--50,000 TO --- 60,noo X2211112121226?2757~12'3~'12~121-lr--- . 
ao.000 TO 100.090 l 1 1 2412254213.11 121 1. 1 1 1121_ 4 111 + 50 

tn 120;ooo 
;; ‘--14o,poo 

!6o.n00 
TO ~eO,nOo 

:;--200,noo 
220,noo 

TO 24o.noo 

: 1 
1 12 111151 
P f 12 - . -- d21sld Sl!! 

.I 
1121 

I’ 
,l 1 ;;2' 1 11 20 

---.. 12-t;-.~-1---~1~-,-.i-.Pb.-- - -- 
1’1 1 121 1 1’1 ii’ 1 1 2lil. 212 1 1 : 26 

P80,000 10 

’ 340;500 TO 36O;OOO I 
.- 

.-“--~--.-‘-*--~- I 2 11’ 1 1. 1 8 
-3a0,000-10 -- 3e0,noo I---------- -----_e --.h-..pI-.- -l- ----1 -----7‘ 

3so;ooo TO 400,noO I 1 .I 
400,000 TO 420,000 I 1 

--420,000-lD---440,000-l -+--f---,--i 
1 : 1 11 1 .: 

1 
03~000 TD d60,nOO I 11 -Y-- 
LBO,..” TO rBo.no0 r 1 L 

- 4%0,005 TO -.‘~soo,noo l - -- -*-.l-- 

500,000 TO 52D.OOD 1, . I . 
520.000 TO san,noo 1 1 1 

--‘540,000 fO-~56D,nOO~l- "1- i---- 
-. 

. 
560,000 70 560,000 I: I 
5a0,000 TO 

:I- 
.____ __._. -_ _I_- . 

1 B . * 

ti --------- 
‘. -12;JJ444SSl6J646JS351192221~1~~~ ’ 
P 

+-----uNotR~~--uveR 
* -- 

,‘UWDeR 
,! fN 2: 

45 
1641 4: 

IWEAN'. hM.07578 IN SIGtiAH 8 396;lOWJ IN 
WEAN I 60.98412 IN 

,-1)YLR---.24-“--JL----31-.- --- :--- CP4RCLLl~~N-----;i3365 
SIGRAV s 562.46526 IN ---.--_ -- -.-_ .-..---- ----. - - .._-.. -. --c. 

.TOTAL NuHaCR OF PARTlCLLS CO’JSIOERED 114; 



< 



Pg.28 
TM-754 
2900.000 

. 1 
-Mrsraoa~n-wa;--p bATC-OB-‘OCT-‘it 

HDR~ZOWTa1. rxrat,,, COIllW 1N FOR MU &T DECAY POSITION '. 
‘Tlnf-x?y~tr . , - I ,iyPr-VQ 

VLRTIC~L itlX& * c IN @V/C :OR UU AT 4995,412 FT (PO8ITXON HO 104) '. c 
p-_y_--- --I 9----- a-.-- 

( -1;oo 0;oo. 1’ 00 
+---rr;r;.*.r--r-r*r:. SIJWI .* 

. . 
-_--- ----y 

. . 

. , --- 

~~0.000 ‘IO 
-- 500,000 T0'--~s20,000'1 I--132134231~1 -.-24 - 

a--- 
. , 

520,000 TO 5ro,noo I 1 11 12 222411 17 . . 
540.000 TO 560,~OO I 1 1 412112141171 

--- 560,000 To-- 5eo;ooo~-Il-‘r 
--. 

1'221 11231 
580,000 TO 600,000 + i,~ii 2423 q+ 91 . . 

COO,000 TD 62D,f100 I 1 12 1 21 
- f?O,OOO TO~~“‘640,noO‘I 

640.000 TO 660,noo ! 1 . '. 
660.000 TO 660,000 I ___.___ 

--660,000 li?--“;;;,;N; ; : 
700~000 to 

7403"clO I 
---r-i-- 

2 
--- 

* . . 
1 

720,000 TO I’. -. . , A..-.-_--- 

* 
' 760,000 TO + ., 

--..- -T--- .- 

3,. s 

u . 
+ ___- -.-------.~ - -- --- - . 

3/1422444364427899a6lb , I 
_--- " UYDW----- -_- -A- d- .- 

UNDER 0 lr-*vER 0 HtiEI'N 8 ,38762 + 4XCMAH 8 ;45962 
IN 

5 
VHEAN c 807.60619 GEV/c SlEUAV 8 ----a 61.36566 GCVIC 

---CORRELATION-8 ,22298 -~ --.-.---- -A- -OVER--- 

TOTAL NUMBER OF P’iWCLCS CONSIDERED 21L------.- ----7- -. ___...__._. --.------ -- -- 
- 

- _-i--.----a -.- .-- m-w 

. 
_--- 

. 
--.A- ----- ---- ----.-- --- ; 

. . 
.  

-. .  
l.__l___,_, b .,-- --_------..-I--.- .----- -- .-T.------ 



Pg.29 
TM-754 
2900;.'00 

'. 
illtSTDPRbW--NuT-Tl NucpYuwd~ uxs,;, COSW IN bArE--oP-'ocT-ir “8 ,. FOR MU iT oECAr’POsJ?ION 

y--l+-ms' , ---taer--&~ 
VERTlClt AYJI,.. P IN &EV/C FOR MU AT 5025’ 972 FT _.__ --__e.-.-e-F-- _.--__- -.-. -e--L-. ~__~~___~__~~-~02I?ION NO 1011) . .---L.-- ; v--y.-- 

l i,OO 0;oo r;oo . 
,--r-r;-.-*---.-r----t 5lJng . 

-..22*,b06 *‘-~ -_.-.-..- . . . --.~ -1 -- - -. L.- .d- -‘. 2oo,ooo-TlJ : . ’ 
’ . 

.” 
---Y---------~~ 

-.-.--_I 
t , 

--- ----- 

-‘---‘rOAGKJyI’-.PI . 
lJ7FPS9t SS 

----- 
. 
.’ . 

-I_- 

461 $0 * 
660,000 TO 

---‘680;000 TO’-;;;,;;; :- 
-.-- --------- 

. . 
700,000 TO 

74o:“ofJ I 
1 

720,000 10 
., 

_w-.- ,---f40,OOO To-‘- 7t30,noo 1. 
-p--------~.-;L- A -. 

700,000 1n 780,000 : J 
, 

.’ 
78c,3no TO 800,noo l * ____. . -. . . -- .- i.*-=_,7;5;-;,-i,,~~~-~~~~.~+ e”Ns - 

. . 
8 ‘. ‘; 

8 
u -_ ___._.____. ---..----.--- “‘ -__ 

1~ir33345571~&-- 
-I__ -A . ..-.-- -. 

S ‘134S.58674553827363?8 : 

---...“upERI+ IN -... O”ER-----.-.‘--.--.- ..-_ -. -- .--1--- 
UHOER 0 .o, .O’, HHEAN w .50204 5IGHA.M 8 :39023 

i IN 55.44699 GEV/C ; VHE4N. s 540,7S160 GEVli: q!cnrv 9 .-. _- ----____I ‘UVER -.CORt?ELATTON---; -’ ,86090 - -_-.,_ 

’ TDTAL NUMBER OF PARTICLES CONSIOEAED 680 : ’ 
-- -_.._ - _--. --e. _-m-----L- -- 

,’ . 

----_c---_-I-. -e--m v--w -p-...-_.-- -- . w-v 



XXXXX> 
xxxxx> 
X%X%X> 
xxxxx> 
zszzz 
xxxxx> 

: EZEEEb 
i xxx%xx~ 
*xX%X%X%> 
%%XXXXX> 

XXXXYXXX> 
XXXXXXXX> 

xxxxxxxxx? 
xxxxxxxxx> 
XXXXXXpCXXx, 



----- Pcr.31' (Hzsr;S~n~ -'~j---'ii-*-- .-.- - _-_--__-- __..__-._ --.-_ ---~--- 
1 OISTIXBUTICN QF r EM IN FOR HO ~973,972 FT FiOH THE TARGET TM-754 

2900.000 L .____ -. - 
IHTERVAL --e--, --. - - -___- 

------feC & L : F ACT 0 F~~~~u-f, S--~Q~ A-L--.- i kB-EN-‘hRIES 

LESS Td A’4 -2.500 0 

GREATER 1iAY 2.500 0 
TYTAL AND 3WERFLOW _ [p--“E’TER .~u_HS_E~;zI~~EpITRIE~.= = RMS YALLF-WIX ?+---- o E~JSLUOXMG _----__- 2NDEir”LOiO ..-. 3 g 3 _-..__.-_ _ _-- _-_.. 

FOP3lU 4973.972 FT F3OM THE TARGET 

r------- 
__- - -.-.-- 

- _ -_-..__----- 
------F- .-__. ..-.-. . ._ - .-_-..-.--- 

I  

_ -t.+Md-.*-. _- __ __x_._ _-.__ _._______-___ --- .._________- d_...--.--Y -..- ..-- .--.---.-.- - _.-v_ --w--w- ---- 



-iITFTCIGiAY- V3 10 

/ 
OXST?IBUTI3M OF B IN GEVC FOE M;O 

_ ._.__-. -.- -.---. --.-- _- .._.. ,_-.._----. 
b'373.972 FT :?.OM THE TARGET 

Pq 32 l -.__.---.. __-_- - .--- - 

TM-754 
2900.000 

L--... _..- ._. 
I’iTERVAL 

__-_---.- . 
--“--~--SCAiE--F-A-CfORl,-lac X*S EQUAL---l-Oil--ENTSIES ._.__ -ll_- ---- 

LESS Tw4-d 0. toe 0 

---- 
r3 100.00c 
TO 120.OCG e 
r3 14u.otil 0 
13 lbir.000 
r3- lR0.000 5 

---- ---..-.. --_-- 
r3 200.0013 
ro 220.~00 00 
TD- 2kC. COO -- -_A-- 
T3 ZbO.OOC co 
;; $;L;uJ{ 
13 320:ooG I 
rr,-3wz.006 

_. -.--... -- . _. - --_. ._. ---_-.---.____ .__._ -- ____ -__----.-_-_c-- _____.__ --_-~---..-__---.~ 

T3 36G.300 i 
TO 3RO.OGG 0 
13 4OG.000 

-To-~42il.GGO 
;--3 

KK .- .'. --'-" -I-- ----- ^-.- -'._----.--'----------- 
--__--- 

rb 44~.000 XKXXKXXXKK 
13 thD.GOO E4 KXXXXXXKKXXXKXXXXX-  
ro 48ct.atC 53 XXXKXKXXKXXXXXXXXXXXKXXXXKXXXXXXXXKXKXXXXXXKXXXXXKXXK 
ro--5oc.000 
r3 52f.G0'? 
r3 54o.oac 

Ji 
-~KXXXXXXKKXXXKYXXXXXKKXXXXXXXXKXXXXXXXXXXXXXXXKXXXXXXKXX~XXXXXXXXYXXXXKXXXXXXXXXXXXXXXXXXXXXxXX~ 

XXXXXXXXXXXX~XXXXXXXXXXXXXXXXXXXXXKXKXXXXXXXXXXXXKXXXXXXXXXXXXKXXXXXXXXXXXXKXXXXXXXKXXXXXXXXKXXXXXXX 
KXXXXXKXKXXXKXXXXXYXKKXXXXKXXXXXKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXX 

TO 56CeaCt 67 XXXXXXXXXXXXXXXXXXXXKXXXXXXXXKXXXXXXXXKXXXXKXXXXXXXXXXXXXXXXXXXXXKXX 
TO -~5AO*Oct~-~ 54- - -~-XXXXXXXXXXXXXXXXXXXXXKXXXXXXKXXXKXXXXXXXXXx‘XXXXXXXXXXX------~---- 
rs 60C.OGO XXXXKXXXXXXXKXXXKXXXXXXXXXKXKXXXXXXX ‘. 
T3 62il.FOG 
TO 64@.3CC 

:t W;;XXXKXXXXXXXXXXXKXXXX 

TY- 66C.000 
ro 650.0~;~ c" 

~- -_______- -. 

TO 700.000 
TO 72O.OCC 8 
f; -- ;;q.m& --e - 

f; ggg; 8 
92o:ooc .-.-- ;.- -- - _---_--.._- --_____- --------__--.-- f3 

r3 R4$.000 
r3 r)fiti,~~ci 
l-s SR3.LiGO. 9 
f3~-300,Get --- 

lj 
a 

-- 

TO 920,0@0 
ro 94a"RGo 00 
T3 QbO*OG!J . . . . 
r3 9817.001! 

,_-. - ._-_ ; ._ _._ -___* _-_r _..___ .._.._..._________,__.__I - . ..__ .__.__.._ -_.. - -.-. -.__-_--_ C___,,._...,.. ..-...- .._. - . ..__ _-.._ _ ,. . . I .____-. -_ __ 

to ~a~o.ioo 0 

T3T4L NJPEER OF EtiTRZEf = rNCLUOENG UNOE?FLOH AND BVERFLOW 
CEVTER = 522,654 R!!S HALF Q,Ti?: 43.623 
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Pg. 34 
TM-754 
2900.000 

.- svs. DEsCRtCttOW L -I_D..-_..._-__-.-.Q- --.-._-- OAriLJ620'~~~~40.ada- 

FOSZT’ICY WPE COOE s PAGAWETERP 
4 9 -... NO,- _ .LENGt& __-__.w bb..2- ._ .-we. 3 .-w-w- .-~----..----.~~.=-- b 

21 141.500 FP 
L-m-M.--.---- --.-. - . .,-DIF. .----CT-- ---- --*- ~~13*0’30-Et~.- 5. 

22 159,ieo rt . 
APE RECV SEW 2oJJd IN 2.000 1N 

A5::800& 
0.3 IN JO0 DE6 

.._-- .---REND WC94 ~,--~-“.-~-7.500-0T..~-. 7 12.160.. KG- --- 
23.‘. ‘.” 161.C90 FT 

CRC 1 2.535 FT 
._ I- 24.. lbC.5CO FT.-- .--- -..- _ “___ -. _._._.- ~ ---. -_- _.I.. . _.w--- --- ------- .---- 

TlJN CIRC OlRT 18.553 IN 0.0 .fY 0.3’. 1[N OEG 
TUND ELI. 360.000 IN tb4.000 14 o*o I@4 0.0 ’ IM i:“, DEG . 

._D - 24 _ -169.580 .FV .---. .-.e.--.-.--v-D . -. .---- - . .__- - ------‘-T ----.-FP- _.__ - -.. 
DPF 50 kt46.809 Fr 

2J 131b.396 F? 
,_ _ _ - L . ---~.5’~Tl~ .- gy .- oanv .-..99s- ---..-A;.;;; ..:.p -..~0,300~1~-~~P-~2,533. !--a*a--l H---n-a-nE6~- 

. 372.008 IM 0.0 tN 0.0 IN 0.4 0 OEG 
25 1314.388 FV . 

_._ -_. _ -. ___~ . ..-. a”2 .____ RECT . ..__ ORF-a,em- -_.-- E..hJO ON--.---- L.OoO.-IPL---~. o..a..-IN.---., O.Q.-l.tL-- 0*0.--DEC.,,, 
COLL AECT VAC AL 19.000 IN 20.000 IN -12.500 IN OeO tN 0.0 DEC 

. ORF 3 10.750 FT I 
-.--.2&- ,32,,13$3 p.r.- ._-_-__ _-.__= . ..“.-_-- ..-_----__--~------------ -- - -----_-.- 

APE R ECT DRF 2.000 IN 2-000 IN 0.0 IN WC 
COLL RECT 

___ -.....---.:?&- 
vp 6 19.JJJ IN 20.000 IN -12.500 I+4 2: :“M 2x OEG 

CRF .-.- - 10,750 ‘FT....----- ..- _.---.. e--v ._- --. __. . . . . .----.-*----..-I__- I_ . _ - - - -,-. . - - -. _ --. 
27 6337.88a FP 

APE CIRC ORF 6.004 IN Be0 llw O-0 IN 4.0 OEG 
_ ___^ _ .-.. . . ----- ____.__I_ 01317 ___._ .--v-v s--w.-...s.5---.21.593 FV- ----. -- e-1-- -----.-------w-e 

28 13t9.7ta Ft . 0 
TWN PECT 0l(R? 60.400 IN b0.000 1N ’ 4.0 DEG 

. . ..I I. .--m-w - TlJ#O-- EL&, _.s..- -e-p -- 635.039 BY- 372,000.IH--..-.-- 3&-K? --4 to *o~~:::.--.OEO.--.-- 
28 B?fSs'ftI) F? 

APE R ECT BEN0 2.000 IN 2.404 KM 
----&Q..r.q 2J.J4Q.FP ---- P1.849. uL..“45”,:“,44,L- 

0.3 tat 0.0 480 . 
. . ..--r..Bf~.....r84....‘". 

"29 '1379.397 Iv 
APE CtRc Oils: 6*530 IN 0.0 ilvl 0.0’ If4 (POD 0EG 

* e - . . . ..- - -4RF . . . - .._- -.. ..-. - v&w-. 0 8.400 F T ----.-.-..- .--. - ---a-- --I_. ___--._ 
30 1397.387 FI 

aPE RECT RCNO 2.000 %N 2.000 1Y 000 OY 00 0 DE6 
.-. . ..-_. _ _ ._o___. -. gEtq~ _ 1194 .-_.. . ---10 . .._ -20.040 FT--9--- ~7*84%L-KG----- t5o”::OO..f,~~---- a-.-- 

31 1417,3e9 FI 
APE CliRC 0RF 6.000 tN 0-0 1N OaO BN 4.0 0Ee 

*. ..- . . - _._.. QRF . . . .---. ._ -.e. fj _ -34.0.&j Ft.-.----.-~-~---.----.--~ --e-.___^y-.----..p . -----____ 
32 l447.!t7 CT 

APE RECT .sc@tO 2.400 Yr( 2coo0 1N 4.0 IN 0.0 IN 0.0 Ore6 
,_ ._ - .- --... _-- -.--. ..- aFND.-e #a4 e-e_. ,....- es.ee l&.-e. 23.053 F?..-,.-....rl,R4a.wo.---l$0.3?3.~u/e..-----.1- -.----------- 

33 1467.3gb Fl 
bPE ClRC ORF b.000 IN ‘la0 1pI O’s3 IN 000 DE6 

*.- - _” . . . . . -.. .__..-.. OIIF . -. .- -. _- __ *-.- ..54*(30Q Ff .-.--._ -.-- _ .---. - I ------..-.. . . -- ---- --- -.. v-S -*.--_)-.-.--- ---- 
34 lS21.386 Fl 

APE ClPC 4JA48 2.25J I’d TM 0.0 OEG 
.-.C-.._ -... _ _. . ..-. -. QJAO . Q~~~.~------.-------IQ.--~O.~OO FT.--..-tcS65.-Un-~--- pe :oo...\z -.-- 2.: o ----- 

3s lSfl.386 F’? 
APE CllRC QRF 8.000 IN 0.0 BY 0.4 KN Qo 4 OEG 

-. . -.... 
I6 lSb1.3ib FT 

. . CRF . . .-- . . . - ““_... ).-- 3Qe 000 F I--.--. - .--,. -- .-.....---.-.. --- -- 



Pg.35 
'TM-754 
2900.000 

_.. SYS OEfCRXPtfON.,... . .._ . . . e .e. _.... .s . . ..,...L, .I.__ ,PAT~Ol201?7..,~- -0.. ---- wt*26Bl.~+.SI ---.- DMl- --- t 

DCSItlCN iYPC esoes 
,___. NOe. ____.. LENttM ._.__.. -....,L-- ..v.- 2-q.. w-4 ..,..,..- _..D L.-e-.,-- L ---.-.-- ¶ -- 

_ __ _. _ . - .._” + ARIL. -_. &-4R$.e.- QMAO).,. T_iST.i2~250- LN---- 
WAD 10.0.33 FT 2.59s KG 

37 1S11.3fJ FT 
__._._ . 

3bQ.000 
31 15?1*395 FY 

_’ .-.-- .-.. _..__ . . . 0 -. ARE . . -er9c. OR P., ,-.- _- _ beau 
ORF xl3 283.100 

IN,-.---- 
IN 252.000 IN 0.0 IN 

36 aa54.4cs Ft 
__. __D__ .” . . . . . TUN .- RECT PIR11-.---.--,.. 60.000 

BUN0 ELL 360.000 
39 1954.b95 rt 

~-.- . ---D -. --- PPC --_. ELI. ..BUAD.,, -.____D .__-_ 2.500 

39 t96ie4e5 FT. 
ou 40 QOPB v 1.000 

-._ --.. _-. _.-. _ -.__ APE.--. CKW.- ORF,--+.--,.. 6.000 
QRF a 1.9JJ 

40 lf1C34 3I5 CT 

:F----- -._. 3. o.,- IY -.-.-A..3 +--xB~..,~-oE r- 
-~ * 

PN. --.bO.OOO-XN .-____ 
IN 252.000 XN -190.000 IY 

XN..-----. 1.000 EN - -OS0 -.PY -.-&--De0 ---. IN. 0. o.-JE!-K- 
FT 3.975 KG 1.500’ IN 

14 --. - -..-- - I-l_ -- QeO ..__. IY-- C!JJ --ON ---PI 0. - PEL-- Ft 

--.-.. ._----. ._- “. ._ - --- .--. APE _ ELL ___ OUMJ .___. - ____._. 2.500 IN ,___- LeOOO. 1N.ww.e.s.m 0.0 _. .-(.I -IN 
OIlAl 

~,-lal.,.DEG. __ 
POP8 7 7.500 FT -3.9?5 KC 8.500 IN 

-----:J.J 

41 1370.3as Ft 
- __. - --._t - .I.. _.I __---_-- APE..*.. ClR&-.OSP.” .-...- “--- b.JJi 

DRF 3 6.000 
42 1876.384 FT 

_ -~ .___._ ---... -_.- .__-__ APE _- RECP .-.. BENB ..a_. .- .-..A em 2 .OOO 

IN-- --.--- -.,-.Oe a-- IK .--- ciso.‘J~*o.,.QE~L, 
FT 

:: 
__- t.ODO..XN _I__. 0.0 . ..-. IN.. -0.0 -IH 0.0 -JZEr, 

BE’JO we2 ‘LO 20.000 I.845 KG bSO.OOO GV16 
43 moc.3e4 Ft 

_ . _ -. -... .- APE .-_ .C.IRC, _._. iBRB,.. -._ Odl .-a--EN. ..--OsO.-.IN ---Be 0 -DEL 
CRF 

;‘: ..--. ___- . ..--.. ____ 

44 1957. ae4 PT.’ 
. . -- LPE. . . .RECP . ..EENO .._ a-.. -- . 2.000 IN -~.l~OOO.XN~..e.va~-. 0.0 _- 

SENQ .yez 10 
IN.-4:sO _.__ 1M.wi....-O.O.dE9~ 

2J.OJJ FT 70845 Kr. aso. JO3 GVI& 
4s 1917olEC FT 

. . _. -APE. . ..__ CIRC-.. CRF --...m. _.._e_m..- 6.993 LN.-,- ___a - .__e-_ aLa 0 ..-Lm --A a L,JN -.-2* J--DEG.- 
rJRF L I..400 FT 

46 1919.844 FY 
-_.-. - . ._ - .-...:AP!S -.. RECt..--RENO -.- we-... ._. 2,OOO~I!+ewm-w. -8,000.. EN.---A.0.0~.:.lN -O.o.-J%~-.-.o.o -__. Dee -_ 

BEND "BL 18 20.000 FI 7*845 YG 050.000 GV/C 
47 1939.113 FT 

- - - . _ . ..- ---.TUN - _.. arc... oxnt .-.- -* ..*..- . . 6 .ooo IN..‘.---. “.. . . - ..-_ _m__ 0,a -....m. -ea.w.w,..OaO . . .._ dN-.wae, DIG ..-. 
tUNa 360.000 l.N 2a2a000 lN -190.000 tN QSO 1N x: F-OEG 

4v a999.ae3 FT 
.- - - -_ : _...____.__ :,.,hPE :.c CIRC . ..C DQF V” .m...-. . . . 0 .o..,-IN. 

CRF 111 
6.000 EN .--. ..--..-.--...-.-._-,.._ 0.0 .-.I!1 _.-_ 

Ifl.b~bL F? 
--.--%-Qe.O,.QEP, __ 

.- ..__. . . ._.a __... iUN ._.._. RECT _ QXAT-.,, . . . . .__.._. 60. 000 IN _._._.. ~.. 60aOOO ItN ._ ..-.. . 8eO . . 8% ,,-O,a.,,,IN...-,,~.O-~EG ..___ 
TIJNQ ELL 360.000 IN 2strooo xm -180. aoc IN cl.30 tN 0.0 OEG 

48 2310.950 FT 
,-------. l--. ..- . ._-_ __ APE _ CIRC--- FJRC. ---a--.. 3.350 IN.-,- .A-----.A. O-.LLN,.~ 0.0. 

A9S ClQC POLY AIR 3.000 IN 0.0 19 0.0 
CRF 9 2LLann F? . 

.49 
v---z-- . r 

. . - ~ 2331e849 FT. . _ - :. . . . --.-. -. _ .._.. c.-_ -_ -..._ L------------,--~.-,- -- 
--.-- 
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SYS 0eserLw ION- -___-__. .._. o._ ._r ___-_a- _ w.... --O&Te .9J20/7% .__.I-.C__ Il.P!~26a7l4rBa,, PA GE--.%- 

BQ?t YttN TYPE COOES ChRPWTERS 
. . NO.-. _ . LENP;tN ._._ ~ ie..--L.-.-...L- ._._. . ..%..dm..- I_.. L ..__e_I._ 2- “-.-“-.,-~..-.5---- .- --- L- 

49 233C.e49 F? 
- . - - -d._ .- APE - .-Rpx” .RENo p.-“--‘..---z~ooo- --oaQ-tw-.-“- o*nOElL”---. 

AtlS REM PQLY FE 
REN2 

10. 235tiR49 Ft- I._ 
we2 10 

tN--...y’Qo~-~NL -..- O.O--IN 
Z.&ICI IN 0.0 XN 0.0 OEG 

20.000 FI -7:7Jl KG 14Rj::OO iii/C 
.- -..- .- w. -_ -...- ~-~ . ..-e.. . ...“... . .I.._ _.. . .___._ _-_ -____-_-_ ..___ ___ 

bPE ClRC r]RF 6.000 IN 0.6 KY O.OytN O*U OEG 
mlf P l.400 FT 

$1 2357.p4.9 FI-..- ..I:. .- -- ___ . .._ “_- --^ .-. “_ -... ._- ____- ------ - -----.---. -...-~ 
APE QECT SEW 2.000 IN’ 1.000 1N 0.4 IN ;e.,; i tN - 0.0 OEC 
A.RS RECT. POLW SE 2.000 IN 1.000 try 0.0 IN ., tN J.a OEG 

';a T2;72'.249-ff 
- ..-. BE&Q. pa2 .._~ -- ..L.l&. -- ao.ooo..ir ---r7,688-YC.~-$47.COCtV/C----D------------ 

APE e IRC DRF 6.339 IN dJoa IN 0.0 [IN 0.0 OEG 
. . 

. $3.' i373.649 ‘FT 
____ ._ DRF ..__ ____ ..-_ ..__. . . ___l-. le... .- .k.400 P'F-.- "_ -- ----_ ------.. . -.-..--._. --.----.- p-e-. -- -7 

IPE RECT REND 2.000 1Pl 9.000 IN 0.0 IN 0.Q 'ON 0.0 DEB 
._. _- a... - PRS .._ __ R ECT. POLZ .oFK$---.. 2.000. IN..--mm-LeOOO.-t N-.-. O.O- _... IN _. a.-.-.J.J ..___ IN _. _-_. 0.3 __.. IlEG.--,, 

9EYQ HA2 10 25.000 FT -7.625 KG 145.800 GVJC 
54 2393.643 CT 

. . . -. . ..- -. - -..-. ...-.--eC TIJN m.... CtRC.. -DIRT--.m..m.m-e-w.-. 6,033 %N ---- .-- LL.tN~.SXl.. IN--w.-- OfI:-,-- 
TUNO LLL 480.000 fN 252.000 SN -2QO.COO !N 0.0 SN E---IX6 

54 2393.648 FB 
_ -. - _ . . _ .- ._. Ape. . . . CtRC - ORs:..-e-m-.,. _s.. A.OOG:tN. --------es- - - 0, o- LN--sm.-O;Q.-.LN-all..-QEG . ..-__ 

OQF 10 K69.400 FB 
55 25b3.040 FI 

_.. _ ..-.- -es... - -.---TIP+ . .._.- nEcY--..f3~RL.m.m~ ,-.. 60.000 ll'4..- -60.000 -1N --. 0 .a-.xpI~-- O&L-IN 
TlJ ‘40 

~-0dL~QEC .-.-. 
ELL 480~000 KN 252~000 1N -240.000 IN 3.3 1N a.9 DEG 

s5 2SC3"C~E FT 
. . . . .- _- .I.-. APE - -- t lRC.-WAD-. -_- _. . -6.000 .:N ._w..._ ---.------.--.O.Q----tN.-Q *0-JP-.O,o-DEC-~ 

CUbO ObLJ 4 4.05a Ff 8.494 KG 4,073 IN 
5b ESCI.CQE FT 

_ . APE. etR& .ORF..-~------o-.-6,000 tkc.- em....- . . . . -.- w-v_ Q.Q ._. IN _.__ -&I-tbS.9,OEC- 
DRF 1 2.000 FB 

57 2569.048 PI 
. . -. APE .crQe ..-. QUAQ.--.--.--- .-_. 6.OJ3-IN. -Wm.- __ a . .._w ~ ._-__ -. $.Q . . [N.-p Q .I-. BN-----ABD-,-DEiL--- 

91160 Ott10 4 4.000 FT 8.494 ClG (i.000 IY 
58 2573.049 F? 

.- . . . ..-. APE ..-. ctac-. - fJRlF .w.. -..----.m . . .._ b.QQQ. EN .-.... --.-.----.Q*Q--tN--O-a...,-IN ’ Q&L - QEG-- 
CRF ’ K 2.200 FT 

59 2575.24ll FT 
-. ..&PE .. .CKRC QlJ40 _ - -- . ..__I .- 6.QOO ON -.-m-m -- 0.Q.m-. KY-.---...OsQ---KM -- Q,O.m.eDEG-.-- 
’ QJDB 9610 a 4e0Ji) F3 80484 UG Q.imJ Irv 

63 x579.zse FF 
. . _..L . . ADE *. CtflC .ORf : . . . ..T._. . . . b.0013 ON .- .-..-.a---.-...^---Q.Q-.-. %N-,--.-(P,,Q w=.QL -Z-."-"-Q.O--.QE(E.--- 

ORF 1 16.7J.I Ft 
61 ZSCS.FSC Ft 

.” ..“. . ..- _ _. APE _ -CIRC --OUhQ.. ..- 
4. 

Q.OOO 1N L. . . , --. .” - -... * . --~~0~~ -EN -EL .o.- IN-----. 
QUAI 0613 4,OOQ FT. -8e494 UQ QnOOO IN 

O.Q:- OEL-, 

62 2599.947 FV 
. .-. bPC-.. -&ORC -. DRF --.--.... -.- .- .“..6,03;9 I# -.-m-.--e u____ 3.3 ._.... tN --0.0 --oNI ---“..-O*L,OEE..~, 

QRF 1 1.90Q FT 
63 2401.947 PP 



Pg.37 
TM-754 
2900.000 

‘PCSlt tCN tiPE CODE.5 PARAPETERS 
,NO.a __ __ LFNGTM __ ..___.w L ._..I 2. _.__. -3 . .:... .-L __... ..a. -..--.L...,-,-. 3 -_ -...--a --...-Z%.. -v-m.- I _ * -- -.....,-- . 

63 2bOL.847 F% 
* _.. ._ .P I.. APE.. --~:~~,--“ADo-L-,~-:~*“o”,“,-F~--- . .a. 0 -..I?( -_I__ 04 -JH- Q:LJ?EG.-.m-., *._ _. 

WA3 . d-494 UG 6.000 EN 
64 2605.~4~ FI 

_ ._ . . . . APE -...-9 - .*___ CLIRC *.. OliF. - -. w.. - .w-*.- 6.000 
ORF 1 2.200 

t5 SbCeeCbl Ff 
. _ .*.- ._*-*. WE ._*. ewe 

9lJ b0 0613 
. -QU4D.- .-*- i---yo”~ 

e 
66 26 12.047 FT 

. . * . . . -.--- . . . ..n.JN. -~a~C..-AIRT.--. .--- 6.953 
TUhO SbO.000 

Lb 2bPZoObP Ff 
_ _. . * ..- _. ..__... __- APE. _-_ .CIRC.--BRE. ___.._._ b.OJd 

44 28b5.bb6 FT 
**-_ * * . -.-.-*. eq 

67 2C45.640 FB 
-- . -. . _ ..^. *.. *..- 

68 tttfet4b FK 
__. .-’ * _ . *. . . . .- .*. 

69 2667.1146 FI 

OPi 10 233ebOO 

TUN ._.. REC1.e,QXRT ____.v_... 60.000 
TUHQ ELL 610.000 

OPE _.__. RECT -.BCND 
BEND ne3 

.:.*.--*. 2y;; 
. 

PM-. 
IT 

____ ____ a. o- -.u ,~--.A.0 ..__ IN 0.0,~9CG.-..~, 

:Fl 
w...~bQ.OOO...fP( -0.0. -?M~. QcO-....!N~ a. O-.-WC -- - 

252.000 IN 480.000 !N 0.73 !N 3.9 BEG 

PM _. ~J.500...1N-,,,-. . .q.a. .*- IN . . 9 s.9 ~m~.O.o-A-JEG---, 
FT 7.594 KC 045.210 GV/C 

_* *--. * *. _ ______.. APE-..-RECT.-,BEN($ __._._ -.___.._ 2.000 IN--____ a.SjO..tN--_OrO..-IEl-.- 0 .J .,w-..-.-- 9.L-DEG---.%.- 
BEhQ ye3 10 20.000 FK 7.594 ua 145.200 GVIC 

70 2997.146 FY 
. .- .__... iAPE...-. XIRC... QRF.,, .m.c_ .I. ;d;;: $mc-..m -*.-*-----.-C- a” 0 -.*LY,’ R ,xaN...---- J*O..-DEG.-..--- . _ 

ORF 1 e 

LN-. * oPo*.~~.IY,,~*Q..oP~r(lbE~-.- 
FY 

IN _.-_-_ -.-_ *--. Be0 --IN _--. 0 ..o*, I.N.d.O,_oEL,, 
FT -8.494 KG ,b.QOO IY 

8 
KN.ee.e~ - .____. -.- -.-_- 0.9 -..PH* D.O-DEG- 
IN 252.000 IN -300.000 IN --2*')')3 --ii o.ao 0.0 OEG 

. ..* - APE ‘.. RECF-. _ lEMB ..__c. C.-v. 2.000 .6N . .._w.. . . ..L%.- QnRIll’,Oa B,PECs--, 
RENO n83 ta 2OaOOO Ff 

-p;“93 .$-.-.- 0.0 
B e P45.200 616/C 

72 29CBc.349 PT 
9. BOEQ . .., _ .,PUN _. ..I CORC. __ OLRI. ._ -_cc__ 6.000 ON‘.-...._- -. _.._.._. A...,.-_. 0.0 -.w. ~.2.0190,.1Y, 

TIJWI ELL 610*000 IN 252.33(3 1N -b"10.003 1Y 9a3 fN a.30 ma 
12 2938.345 PT 

.*** ".. APE .C CIRC.. ORF.., w-.-v... . .._ 6.000 EN.-.-,- ..--*......._I....* 0.9 ,..*1N ,..-.--0 .a .*-PY --..- Be 0. ,aee,- 
CQF 5 85.555 FK 

73 

73 
.- 

74 
.-. 

. -75 

76 

. . *. .TlJ?J . RECK. . AIR ._. -pm... _-. 360.000 
TVNO RECT 361 .OOO 

2993.8bS Ft 
‘APE _. . ,.- CfRC - P)Rf **. .*. *..... 4.000 

RRF 2 20.000 
3013,W~FB 

_ .-APE. . RECf ORF . . . . . . . . 6,OOb 
CQLL rlECK 4lR D!rrK 100.000 
ORF I 3*3J)3 

.'1Olt,tCS FL-.--. _--... . . ..-.-.-..___I.-. . ..- .I. - -. 
4PE R ECT ORF 4.000 . . ORF 1 

:9t9.c45 FK-.. . - . . . -. 
3 .oo,a 

..” ..* - . . . ..w* .-.. -.. 1...... 

2953.e4s FK 
I le.-.- - 92O.000..IH,,,~OZO.ooo-n.rl.- 40,000-BN--.--. RJ.O..dJEG --- 
lY 121.000 1N 120.000 EN 60.000 IrJ O,O OEG 

IN .*.-.- .4.000 IN _-_ *.-..o.Do . . ...* IN..--, a,0 . ..PH- --... 0. a *. BEG --* 
IN SOoOOO IN 0.0 KM 0~0 1N 000 OEG 
FB 
. . .-M-w... . *.- _ .._ -.-_- ,..*_ ._. ,.- *._- .-,-_I- 
IN 4.000 IN O*O ON O-3 tN 3.3 WG 
Ft 

,._..- __I.--. *.- -...- “-” _. . . . ...-Pi----. ----- 
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sys oEfcR~pt~~*, .._. -..~... -.--. . . -. ..- “. _....-._--. . ..-..- OhTE.9LPSk7~TP-- ---.'LWT268974a.99-, .PACC- 

PcSxlrcY PVPC CrmS PAawETERS 
NO.. .- t .ENCTH * .-..".- I.-..- 2.. . ..s.- . ..". ..-. t....-- ---..,"L"E~ ---. 3 .---..------s_~ 

76 3019e845 PK 
_ _ _. . .0.. . . . . . . ..APE . . REV.. - i)EWO c -- -: PO.--.-.- 9idm IN.- -- 18.OOQ..IN -_.. . ..-.O.O.. . .I N. ---.I- &.C-- f&t -.mwALO--DEL 

REMI MB36 2 13.300 FT 14.S20 KG 145.200 W/C 
77 3033e.145 Ft - .- 

..-. _._." A6-b "RECT o- ORP... _DD_--. . . 4.000. IN .---4,000 IN""-...".L. C. 0." ."f rr..--Qn,a--m. __c_ OLa--oEC.~ 
lllRF 2 26.608 FT 

Y8 305qe745 ST 
. . _-.. .r. .-.-. x D . . . .“. - --. --“-.--- -.... ~-.-..--.~-.-- -- ------ 

x 8 

,._. . . . . . . . _O.s..-.-..D.I.-C--..-.-. . ----. ..-..- 

. . ..-. __.- --. - . . . . . - . ..-” .-- ___--.-.“-.P-.C..q---- -- -. 

., 

. “___._ ._” “.““-cI ~~.-~“-.-“ll.-“~.D1_.“~-“.C.. -.-“-..“----_C_ I_- 

.  

* .  
.  y  .-..- ------ ----.---..--....a -,o.-“.------~--,--.---- ---- 

_. .  .  .  .  .  .  .  .  .  i” .---m-3 --. .- ---.. -w.. .- . .  SW- -.- -___c 
.  1 

, .  ‘. .  .  .  .  .  .  .  .  c  ““... “.--. - ._.  ..a.,“-..c”-“-i .- 

.  .  .  .  .  .  _ .  ._ .-*. .  W.“.., s.- .  w. . . .  .-..“. .- .  -..“..-..““““.-“~~...~~.~~ 

.  ‘. 

.  .  .  .  .  .  -DC3..“-.--.-..-.....“-“..” .-. .  . .B-e.-.. “W.. --.e 0-w -3s 

( .  

.- .- . . .  .  .  .  .  .  .  _ “.-.-.- .-. --.. m-“..“--a;... ,  e. . .  ^SCII .  .  .  .  “... . .e 
.  

--m-1-. 

” ---*“1 ..---. -- CM._. “.“...c’ . I . ..“. *..-s.a-.r..-i . . . . . -_...-q-..---_.**--.--I.C.l. . . .^. “~--.-..- . ..--p 

“. .  .  .  .  .  .  .  .  .  .  .  A.-..-- .-. .  ..O.--.“---.... a. “--w...m.Q-- . -w-w_ -.p-. - 
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The Parameters Used in HALO For The Four Doubler Muon Beams 

WCN CF IrEU”RWY 8l4q. 
“UCY *C~Er?lJc 0Q00.000 twe 

,,.XN. f~~M1SIG~R~P~I?ELS1I~Q~?I:~Y-..9h04~SE?LU.~.Q.1~8R4E 07. MUCNf,f!L.NElJTQHNOS ___ _ -____I_-_._ ~__ -vi.. ------. ------- “._“̂  -“-_~ 
. 

SYS OESCRt P?lrN. ,DATf 9/22/77 7tr~-06e7490.94 04eE 0 
* -““. ..“--.. - ------“- 4----Ip-9 “s.-“.“-.--.- .“.. “_--.-“_-^I_-“__I.“--. ..-_--_.___ - -9.“.-.w ---- .- 

Pl7SlTlCY IVPE 
ia. 

CnOE 0 *APAMETERS 
L FNC’P I b % I 2 3 4 s 

--.-“““l---.-“C- -.-“---.“““-““-.- ..--.-- 
I 0.c Ff 8, . * 

TIJY ’ kEC? DIRT 60.000 1N 4a.000 IN’ 0.0 YY 0.0 OCO 
-- -- .A”. ---- - -----3JNCt-&X~ -.Q. L-DEL,, 

L It.43 FT 1- 
OQF 2 24.000 FT 

-“- “. E. . . -. 24 .CQQ Lc-“““.-.--- -.-- sllrrn-7- “c--“.-.-. -.-.- e--o-..-- -.--.- - .-...- “_ “___ -- ---. - ““-_I_ ” 
eP5 ClSC 2.255 IN a.0 1w !Iv 0.0 OEG Qllrn 0410 5 XJc.000 F? -5.400 ne t*ooo 1Y .’ 0.0, 

- 11 “-34 c.000. F3.“L”-“-- F-‘---- --Ie”-- --.- _ - ” - -- - ..“- . . . --_q- - .-I.---_c_-----.-_ 
VQ 1 1.500 FT 

4 35.500 FP 
_---q”_-._““.- -1 BP= ~el!lL-LlUA p)_ ---- 2.254 IN --.-. _-.. ” .--. 0.0 ..“_ IN .---.‘-3.5 - xm --“-3.9-dEe”.- 

C’J $0 6410 10.000 FT -4.400 KG 1.000 TN 
5 44aJOO FP 

.s 

-_I”-““._. 
-6 

nqc --.- L-.--X. JJJ.. EP I___ .-_- - -““P.---------- 
47.COO =7 

__1_-- _-_-__ 

AP5 ClRC WJ40 2.253 IN 
-so400.Ke~:o”oo “K 

f3.Q 1N 0.Q OEG 
-~N.QUChQeOOLf T 

7 e 
-“--T-““--- -.--_ 

OR= 2 .6.472 FY , 
_8.&klds’p 

0 

CIPC QUSO 
--““-.- -_-~.-“““--.---. .---- e--m-- 

bPE 2.253 
-----.-- .~ 

IN t9.J IY 17.0 IN 0.0 DElf 
4U4rp‘ 0410 s 10.000 FT 4.774 we 1.000 1N 

A-U3 dd2”. !Y _.--- -.- ._-.-.- -“” ..~ --__d_ .- --_“I.------------------. 
OAF . 88 1.553 FT. 

-- 

10 74.572 FI 

-12 96.472 1”---xle”L FT . L..” -..- I.500 F.P ““----” -,,. --. -..- - --- . .-. --. . . -.-.I .-IS- 

VRF It 8.500 FT’ 
24 .-- ,I7 ._oli?.“E~ ““__. -- ” “W  --.- - 

’ ’ APE CSRC, 
“.-T-... .-. -e. .A_ -“.“w*--.-- ..-. L”“. --._--__ _ - 

C#JbO 2..25) EY 3.0 IN oeo IN 0.Q QEr; 
auno 0410 5’ x0.000 FB . 4r7P4 KC , 1.000 IY . . 

-.lS -tO?.a?Z.Pr”-” ..“. -..--- “--“-.o- ” --- . . ..- ----..-. --. - _..” *. “up” ““_. .“-.e”.-.- -.“-- - .: “.._. “.” _.__ ___.* 
LWF I R.SO% f? 

lb . 009*4?2 FY . 
.~ 

--- .  .  .  .  .  “-.^-“.. “A.. APi __. 
m9afI 

115.472 =T 

CXRL ,“-cLBRo.~-“,.““. . ““-2.25o”PrL ..--- “” :,,, A--. ..BoO _. 
041Q s 10.000 f 7 -3.297 KG s I .QOO 

. 

IV -,..“,OeQ ,..XK- .--- O.Q,DE(rj _.._* 
IN P 

. 
-* 

--“-ORE.-... L .““A.,.x..soo fY- 1 
-- . . -.-- ---. --m-o- -“-.-b-----..-.-. -. -.----. 8 C”e”a”. 

4.9 t2Q.972 FT 
es... -..- .““““.” .-.___.. --p 

“0 
OPF 

,‘P~2.4PimL-#.~ 
B 8150Q PT . 

--“.... . - .----* -- ..“_.“” - ---.- _..“““_.” 
. b”E CIRC WJAO 2.251 I”r a. 3 

“. “.iT---~er”-as;a- --..“$.*r.- .--- 
QEe 

fYJA0 
-2Ld42.47LdL * 

0410 !I LO,UOO Ff *1.297 m tbQvd BV 
.-~~.-_~--“..“.““---” ..- -,.--- ._-- --.--------.-. . _” _- .__““__” -----. .” ” __ -- 
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-_l--L-. -A”--8 - 

SYS ffESC~lWt@H~ ” OATE 9122/77 TLUE-26R780.9* 04r,!! 3 

PCSX rtc* TVPE coot3 
-..-----.~,-..~---~, p-v-- 

PARAPCTERS 
wo. LSUGTH 1 2 3 . 1 2 1 4 5 I 

I 1.500 F? 
. w---------m- .- em.-..-- P--9 

CIRC cum 2.25J IN ---- a.0 14 0.0 IN 0.0 OEG 
4lJhr) Q4LO 5 10.000 FY -1.341 I6 iiao i< 

-23 .,u3.asLL w --v---v. ..-.- - ----__ “._I_ ---- --- -.-. - --__ 
3 14,500 FT 

-. 

24 165.472 FI .’ 8 

-..a_q= R FCbENO --+-3 .ooo. .IEL e.000 PM 
RE’Y) ‘Iflb a 20.000 FT -Ll.250 KG 

---IL0 -.~n.“.o:a,oN. 
600.000 GV4C 

--P* 0-,9Es- 

25 189.412 FY 
---L?= b--.-45 .OOP “ET ___ _I.” 

26 233,472 =T 
-ST.- --4 _-._-.__..- 

AP5 RECP 9EMO 0 3.J.N IN 2.uao ttj -1.003 KM 
. “‘“_. 

%N 0.0 
-e-w- 

--ii 
0t.n --.%b~4ll.ZU.OO0~ET 

ooze 
-----LL..250-KG..,, 

253.472 FT 
6OO.QOO.wGVtT __ .----.- _---_ __ 

DRF I I.&IO FT 
1925LL732.-- - -_--- - . .*. . . . 

POE. RECT 4E’SO 3.000 IN 
-._..---_--_- .-_- 

ZeOO3 tN -1.300 tti 
---. I-..-------___ 
3c.3 KM 0.3 OEG 

. WV0 
noL4ZLFP 

MR4 I 80.000, 6-r 91.250 KG bOi.000 &SC . 
---._-.. - -...- - --..I 

ORF a 
-..-I -_- .._“_. .._ ----. - -__.____ 

QS.ODO FY 
.--. . WV-_” ---es 

30 31a.471 =t 
.C9i%--Aw i?.303..fN - ---..- 3.3 
PEA0 C9b 

w-JT3.J3J LN 
20.000 FP -11.250 KG 

. ..IY.. .-..--3.3-.-!Y __.__.- Be3 -IdEG ____- 
hoc.ooa w/c 

31 339.47t FP’ 
rw 1. --PC. SJJ..EJ m-p.. 

12 -.-a 3“ $71 FT 
.I----------- . . . _““” _- -- 

ERF 2 to.000 FY 
4U7’&,23.C.kL.-- 

. . 
.-.. -.--. - ..-.. __- _.-__ A.---- . 

CPZL 
ctac OR& 4.000 ths 0eQ llq . 
r(ECY JAC 

0 .J?N 
OKR? 

3.0-- OEG 
931.300 trl 900.000. IN 

--.-~ 0Q.F. -.----,--LB - .L90.000 F-T--,. m.---~-~~._“r”-‘~” 
-790.000 1Y OS0 OEG 

--.-T. 
35 543.970 F’ 

- W-L-. -- -- 

BPE ct9c CUlb . 2.250 IN 
WA0 

0.0’. ?N 
~-Bct.o~--J.I1oIBoo Fr*~~-..-~fDblb.K6..,, 

0.0 W6 i 

-36 
.-.- .-. ---- : 

573.970 F? 
---- - -- --------... -.---__) ..- _ y 

a i 
ADe CK9C Iwe c.(ooo IN 

.v- -------: IX- -.---II____. 2 LO.000 
o*o trd 0.0 xryi 00 0 

.I F.2 
OEFI : 

37 5ehs69 CT -1-“m--*... e-e -. e.. CW... -- --..-- --. ..-..-. .-. -. - _____ _ ---* 

. ‘iBE CIRC OOF 4.QQO tY 
’ ---A- ~~O~~.~~Y-VA~J~!~--%JJIJJJ 

IO 
IN m.e2i33s33Q KN -.___I_ i:t: -..:ii--,7,;:&,. ;:., L.-Z:; “0;; ,.I I---_ 

10 773.569 CP 
99O.QOO FY 

AP.” ~L3L-QUAO ’ -2.253 - Iv. 
QlbtO 

’ 0.0:~.IN ---iTmp O4lQ s 10.000 “----.Q. 0 bM ---- . 6P 2~642 
KG 

--- 000 _._- OEG,--.,, 

39 713.169 FP 
1.000 tq 

.-.--we- __-___ .-.--.-APC..CLRk,ORF --- 4,PJcl L?a. 
I)RF 

$O.oOo Fp - .“.-. -----“.“.c_- 0.0 --IRS --oe 0 
2 

--ON.. Yio --- 9- - . -AEG 

‘R la~~(lAa er 
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- ----.-- 
a . SYS OESCp. l*'IONc DATE 9/22(7’1 TWE-268710.94 WAG4 4 

-----..----- .- .-- _- 
--TGT!CK TYPE cooes BARAUEIEVG 

NO. LCNCTW 1 2 3 .l 2 3 4 s 
--.---i -. ---_I 

43 1%x9 ET A 
4OE eIRe OQF 4.000 IN 0.0 XN 0.0 1N 0.0 DE6 

.~~_PFCT..nlPfOO. ooa- I -no*oooJN--. a.a.--Lx--. -733..O'la-LWa-mww3.3+9- __-__ - _.---- 
096 1’3 19J.000 F' 

4L 983.C69 FT 
--.-- AI’ E.--Call A n L 253 PH -~-,-“--.A. a...-%-.---. ZL3~N~.3-.flEG._ 

aLIAR c4to 5 10.000 PT -2.662 KG l.POO.Ily 
42 993.561 FT 

----.----bCF r-v9r rot C.*JJLl!J a,3..w’&nnD.0-4Et,--- 
Of?F 2 10.000 Ff 

43 P003.96R ET 
APE r~otL-.mL9 4*noO-su-.-.-L~~ a 0 .O.,bAl. L-IN P. .O.-3E r. 
CULL RECT WAC OIRT OJJ.%lJ IN 900.000 IN 0.0 1M -780 e.303 K N 0.3 QEC 
OPF 10 1911.000 Fl 

~4..119LSh!?l- -- 
0.i IN 0. --.-- 

_--___- _ 
AOE C14C OU40 2.255 IN IN 0.0 OEr; 
OU40 4410 5 . 10.000 FY 2.682 xc 1.000 tN 

~-%-!ku2ruA.QA~-----.- I-- - e_--.- -- 
CIRC clltb: 4.JOO IN . C.0 1'4 Q-0 1M 0.0 kc 

IN; 2 8Q.000 .FY 

50 ISSS.SbS Fp 
SPF 

;uao 
CIAO-mm..-. 2.2ip1 -If&,---.- 0. c--1% .-Q.fl-JN--.--.- JBoo...JEG.___, 

9 30.000 FP tee42 Re 1.000 BM 

52 KC31.566 FY 
R 

-------“““*:e-” = 
~...~.Le.oua-%.N. =----F----‘----- O.O...nN--.. O,Q.- ..“L-““-- 0.0 .- OEG --- 

CDLh VAC OlRf 900sOJJ IN 93OaJdO thl d*O 1N -7eo.OJ3 KR 3.Q OEC 
o*i= to 89OmOOO FT 
- --.51,ga21396(bs7 -__.-_.- -.-- -- .---- .-.-. - --.- --- 
APE ClRC -Xl AQ 2.250 KM 0.0 rq 0.0 OM 6*Q bee 
W40 9400 s roelJo0 FY -2,692 X6 0.000 1Y 

195.-lli%nclrhI-LY-.-.-“- -.-- --._ . -- --- APE CO56 nw 4.000 IN Q-0 IN 000 IN 0.0 oars 
OSF 2 1u.000 FP 

.-“,-J.s~r.~~stnr.~?.-4p-...-.-“- 4 e-2 me imp -.v- -. 4.000 -. . IN -V.-.--e-. 0.0 .- ..--- 

3.0 :i 

0.0 -- IN ” ----- 0.0 ncri *--- 

Chb REC’ v4c f31QK 9OJ.JJJ IV 933af’JW %N -79OeOOO fN 0.0 net 
-.-..-..:----^.a--. COF .____I_._________..__- UJ -.~190.000 F7 _______. -- .._.. - __I-___ ._. _- ..---.- --. . ..-.. - .- -.-.-. .---. .--. T 

L. *.-I\* n*c c. 
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SYS oESCnlPTlOI* = DATE’ 9/22/77 Tl WZ-269780.94 *AC@ b 
-- -.- - --- I-.“-“--- ----___“-_r -- 

PllSX TICN TYPE COOES . PARACPTERJ 
NO. LFNCTH 6 2 3 . 6 3 3 4 5 

-._. _---- -.--- .~_ - 
72 3293.CQL Fl 

4DE crsc 99F *a000 IN . 0.0 IN 0.0 tN 0.0 OEG 
“-_ - ..“. . . .------ Q!tZgP~~~Jro3tl .EL. 

. 
------ 

93 6103.Ctl t=T 
-I---- 

APE CIRC O@F 4.000 IY 0.0 
--“- --” m .,e-www-C’lltIEU --'JAfLvdUAX-,..300.000 IN--~QD.OOP,LL-. 0. .0-f: 

OPF LO 190.000 Ft 
74 3293.960 FT 

__I_-- ----.--- 00 Q-_I& .d. 0 DEG _ 
60.000 FT 2.642 KG 1.000 1N 

75 ?303,5bJ FT 
--- -. ---%P=“.-.A.nnrF -4.000 PN,ee..- -___-.-___ 0-P “__. PI” ,-“-““0.00”,“JL 

CPF 2 LJ.JJJ FT 
-“&I. Q--DEG”~ 

7t 33 LY.SCC PI 
--- 

- 
ee.““-4.aJl .I%...-- ---- -0.0 -K--- 9.9 .,I.El ---no ‘J--wit--, 

DIP? 900.000 !N 900.000 IN 0.0 -790eOOO IN 0.0 DE0 
CR F LO 190.000 Ff 

~~I~QYA..QLLET -------- .-- 
APE CIQC QWPD 2.250 IN ------- O-0 1N 0.0 or5 
4sl% CIRC qc O..O IN 3.3 WC 

70 3iLYp959 F? 
-2~~5e.XG~ ---“.3_- 

.aoe IN 
as--JLEtzL-JlE- 
C@F 

---“,:L”-N 

‘IF 1SIS.C’SC PI _._. _._. ” 

~ili,. PPCaEcr.ENL --mmm--3eOOO 1N.Z.000 PN “.-“-“.d.O.,“!Y,‘,s? a0 
49s RECT 88 BE 3oOJJ F.N 2.OM IN 0.0 

-;+,-Q.o,.oEn 
0.0 

FE%3 
DE& 

-ntl153”% &Skpt 
WBb 3 20.000 FT 61.000 KG 5509:&o zv”,c 

------- -- -__-- _.“. ____ ..-- -.._- -- ----“---...- 
POE t1qt m-t%: C.JOJ I# IY 

m---.-.7 --_. .: .--- “.“.. ~ 
o-0 IN 0.0 OEG 

cn11 PECT v4e ,DIRT 900.000 IN 960.000 BN 0”:: PU -980aOOO It4 
rnc__ ..-. T.9FL--“-“...- 

0.0 BE6 
-1.-- 28.500 Ff,.,--. ---.-- -- 

. 91 35t3.555 Ff 
-I--..---.-- - -._,_ ____ 

TOIN ClRC’ otqt 3.000 IN 0.0 0.0 

86 3G.259 FT 
IlJttw-“Jl~:y ----w-v--9PJ.OJJ IN ___ 9%~.OS2..IN-m--w--0-S w-L’: ~-=73:::30 .:i _..._ ,.,o.O-. ;:: 

APE Cl@O %CR P.J)JJ ON 5.3 
..” -..--- %c8---.--....A..,. BQ-,.Ut7.00~ FT._.. -25.000 KG. _I- .-ii:: ___ i:. 

82 37L3,%38 Fa 
.-.I--... “,:km ii. ---. --3.000 :E., * 

?flN RECT Q?RT bOcOO0 II’+ 6P.000 IN . 0.0 ILO 0.0 KM 
~-lILRECL~.+--,.-, I ---- .- .E00,008 -I %.-- 9OO.QPOI . . LN --0.Q - fY 

42 371fs559 PP 
- .-.~790~000 IN . -_ .“o:i ..“. I% .__*,-_ 

4PE * erftc WJfio 2.250 IN O*CI tY 
PWALQ4eO 

0.0 aec 
-.---- -__c - s. ,,60,000 FT . ..w'-2e.458 K6 .--.~:~oo 

C3 3723cCqC PI 
..E.,,-- ."._ _"" -_.__._ _-. . ..” ..I ._-__ 

. llPC CPRC OFF 4.000 IN 0.0 fN Q,Q IN 
-- C!LF”“,.---.-” ’ ? -iLOeOJd .EI 

oa 0 OE& 

44 173?.65@ FT 
we-” - ..-“...---_C- _-- --____ _I--- - -.-.-.. ._--_ 

Vlpl CIRC nffov 3.080 IN 0.0 1N (s-0 IN 0.9 OEC 

j7 39,i%GF-- 
WhaaEcT. “-.-“-“.~~900.000 .gr -. c.900 eQQQ.,IN 

I3 4 
---%.““,.oscl.. .“.. ~%,,~~.788*ooa..rrU a- 0. Q .-. OEF _“__,.__ 
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SYS oEScRIp’9w4~ DATE 9122117 I I”+260780.94 PAGE (I 
m--e. ------ -- -A.--.------ 

WlSt~tCN ‘YPE CODES PAR4W TERS 
NO. CFNGTH 8 2 3 L 2 3 4 s 

-.---- -- 
F4 4343.93C *T . , 

APC 
__- ..-.-- -m-y -cll4-z: 

QUA0 2.250 fN 0.0 TN 0.R OEG 
q 1 n.AJoo .e.a---.s&4uucr: ~04004L. - 

q-5 4153.934 =7 
4PF e9w r]RF 4.000 IN 0.0 9N OiO 9N 0.0 OEG 

--a---- -----JxF,4.--AJ. 000. ET * *- --___I_ ---.- 

C6 4313.033 FT ABE e9ae ‘DRF ” 4.000 EN 0.0 ‘IN 0.0, EN OEC 
--- c!2rrslcr\Lu ~E8L-.,-oLlo .ooo. K!J.-saR .MO-.K--c.-L -AK-- -tao.oon2N---. * ,“*LII,Ji.-....- 

co F 10 190,000 P t 

P.-w .~ae~Ifl~-.dLlL&o-L.zso. LtL --..-..- .,p,Q.O-.J!l 4.ndl luLL-.--A..a%~ 
at~d0 0410 5 10.000 FT 2.458. KG a.000 9Y 

CI 4SC3.~2i? FT 
-LPG c.K~~L~~. 000 Ii9 -_._. 23.0 ._L ‘Jd- -9-00 --9N., 2r o.,DEr&-- 

99 wr;511 @I 
CRF 2 lO.OJO F7 

,a5 c18~l~Looo--I~ O..R.., KtL- 0.0 -1% 0. o-25c 
C’ILL RECT 9J). 335 1’1 930.030 fN 0.3 1Y -780. >a), 1 N 0.n 9EG 
ORF 80 L90.000 Ft 

dOL.42619J4 Fv .-- --_-._. 1-e ---. w .-.-.-w .--.e --. -cI- _ --- 
APE e9flc au*0 2.250 IN 0.0 !H 0.Q 9Y 0.0 nEG 
NJ9 a410 . a 10.000 Ft -2a459 KG R.000 IU 

151 
422M 

_--. --__e--P-___I ..-. w---w-.--. -----. ^--.- -- 

z 
0R7-- 

R9Ri * 
4.000 IN 0.0 tY 0.0 IM ml9 

COLI. WAC 900.000 IN 9OO.000 9N 0.0 !N -Tea.Jaa 9N ::o” DE6 
‘)qs -w--e -Aa J ,000 ET ._._-_.__._ _-. .---. .----.-- .--- I__. 

102 4ut3.9C6 =t 
APE P PC7 SFND 3.333 RN 2.099 9N 

----SW’ ~~h2Q,OOO~L kb.OOO..KG .,..-AzlR 4k.- 
0.3 FH 0.0 Of6 

-.-__I_-- 
103 4C93eQO2 F7 

t 4PE c19c ORC I.OJJ IN 0.0 $?I . 0.0 ’ 9Pl 9EE 
.-,.--PM LO~~--VbrnorOno...L~ MsROR.JN w-,ie- 

OS0 
Q o 0 .-JN. ..- *iEBO .OOQ-KN a* 0~,0EG.-“-- -- 

me: 10 111.535 Ff 
1 104 ‘49zr*?sc CP 

IPCURBE- O,Q- -It+. ,,n*n -.... IN-,. Pe3,DEG-mm.e 
C0J.L RFC7 Vbc, DYRT 1999.9Yb IN 900.p00 IN 0.0 -71Q~aoo ?N * 0.0 OEc, 
OPF PO 4599.994 FT 

, -.-.-.LOS.,bta5SSa!a pv .----.v * -.-.-- -- 
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APPENDIX III 

PROPERTIES OF THE MUPIPE 

4 Magnetic Field 

Using $2. dg = I we obtain 
.a 
H (r) = 0 r<a 

r>b 

a< r <b 

* 
B (r) = ~1 (H) ‘Fz 

Of primary interest is the region a<r< b. Figures Al and A2 show the 

relevant quantities for pure iron and for hot rolled low-carbon steel. 

( See reference 11). The parameters were I=5000 amps, a=2 inches, and 

b=3 inches. d=r-a. In both pure iron and hot rolled steel, the mag- 

netic field attains very high values after only penetrating a small 

distance into the mupipe wall. 

B. Power (D. C.) 

P = 12R = ;tb2ya2, 

Using p = 1.6 x 10 
-5 

cm, we obtain 

p = 4 watts/cm = 122 watts/foot 
L 
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C) Deflection in pure iron 

paMs = 0. lvz, = 0.1136 GeV/c (meters)-l” 
. 

pls = 0.03BL 

T = PAB -_ 0.03BL 0.265BK kg-‘meters 
-l/2 

PlMS 
- 0.113C 

At what angle does a particle have to enter the wall of the mupipe so 

that L is large enough for p > p 
J-B ali 

For a particle that enters 

the wall at an angle 0, L(0) can be found from: 

L2 = 2 p 2 e2 t 2pd - pd82 202 t 2pd - d2 - pd8’ 
P = the radius of curvature 

d = depth into the wall 

For a particle that overcomes multiple scattering, the average B field 

is 16. 7 kg and calculating L, gives L=9 meters for p = 800 GeV/c, and 

L=3 meters for p=lOO GeVjc. Figure A3 shows T vs L for several 

angles and indicates that the field wins over the multiple scattering 

at N 0.008 mr for p=800 GeV/c, and at N 0.03 mr for p=lOO GeV/c. 
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